Introduction
Leydig cell tumors (LCTs) account for about 3% of the neoplasms of the testis. (1) About 20% of cases occur in children, commonly between 5 and 10 years of age, and about 80% occur in adults, commonly between 20 and 60 years of age. (1) (2) (3) Virtually all pediatric cases present with significantly smaller testicular tumors because of early clinical detection of isosexual pseudoprecocity from androgen production. LCT in adults most commonly presents with a testicular mass, and neoplastic androgen production is less readily detected in adults than in children. (1) Bilateral testicular involvement occurs in about 3% of cases, and approximately 30% of cases present with gynecomastia. (1) The majority of these tumors are clinically benign; however, clinically malignant tumors (<5% of LCTs) develop metastasis. (1, (4) (5) (6) The following study analyzes the clinico-pathological features from five cases of metastatic LCT.
Material and Methods
A retrospective search was done in the pathology database at the Department of General Pathology, Christian Medical College Vellore from January 2001 to December 2018. Five cases of metastatic LCT were retrieved, and slides from all five cases were reviewed. The clinical, biochemical and radiological details from all five cases were retrieved from the patient's medical records. Immunohistochemistry (IHC) was performed in all cases on 5 micron thick tissue sections using an automated Ventana benchmark XT immunostainer with the antibodies listed in Table 1 . All procedures performed in the current study were approved by the IRB (number: 561406, date: 26/12/18 ) in accordance with the 1964 Helsinki Declaration and its later amendments. Informed consent for this study was obtained from the deceased patients' close relatives.
Results
The clinico-pathological features from all five cases are summarized in Table 2 . The median age of presentation was 54 years (range, 48-59 years). Three cases presented with a painless right testicular mass, one had a painless left testicular mass, and one case presented with bilateral painless testicular masses. All
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five cases had loss of weight and appetite. The second and fourth case had a history of hemoptysis, while the first, third and fifth cases had no symptoms related to the lung. None of the cases had gynecomastia or Cushing's syndrome. Because all cases presented with testicular mass(es), serum tumor markers (alphafetoprotein and beta-hCG) were evaluated as germ cell tumor was in the differential diagnosis for each case, despite the patients not belonging to the typical age group. Both alpha-fetoprotein and beta-hCG were normal in all the cases. Serum lactate dehydrogenase (LDH) was mildly elevated in the second and fourth cases.
Serum testosterone, androstenedione and estradiol levels were normal in the three cases who presented with a right testicular mass. The patient with bilateral testicular masses had mildly increased serum testosterone and androstenedione levels while serum estradiol was normal. The patient with the left testicular mass had significantly increased serum testosterone and mildly increased serum androstenedione and estradiol levels.
Radiologically, all cases had enlarged para-aortic lymph nodes. Additionally, the first case had an enlarged left supraclavicular node but no metastatic deposits elsewhere. The remainder of the cases had lung nodules that were suggestive of metastasis. Only the second case had bilateral lung nodules along with liver and mesenteric deposits. The adrenal glands and the rest of the intra-abdominal organs were normal on imaging in all the cases.
As all five cases were medically unfit for an operative procedure, the biopsies were taken from the metastatic sites for exact characterization of the tumors ( Table 2 ). In the first case, the excision biopsy 
Lung biopsies from the rest of the cases showed lung parenchyma infiltrated by tumor with sheets of polygonal cells displaying mild to moderately enlarged nuclei, darkly stained chromatin and eosinophilic cytoplasm. Mitosis or apoptosis were not evident (Figures 1-C&D) .
The immunohistochemical results are depicted in Table 3 . All cases were diffusely and strongly positive for alpha-inhibin (Figures 2 A&C) . The tumor cells showed moderate positivity for CD56 ( Figure 2B The patients in all five cases received palliative chemotherapy comprised of carboplatin and paclitaxel, as all of them were medically unfit for surgery, but none of them survived ( Table 2 ).
Discussion
LCTs are the most common sex cord-stromal neoplasm and account for 1-2% of all testicular tumors. (7) The etiological factors are not known, although some of them have been associated with testicular atrophy, cryptorchidism and infertility. LCT in adults usually presents as a testicular mass without any symptoms, as compared to children who typically present with isosexual pseudoprecocity and are later found to have a testicular mass. About 15% W i t h d r a w n of adults with LCT present with gynecomastia and rarely with Cushing syndrome. (1,9,10) None of our cases had gynecomastia or Cushing syndrome.
Clinically, most testicular LCTs have been reported as benign. (4, 10) However, < 5% of LCTs present with metastasis. Usually, the microscopic features found in testicular LCTs that tend to metastasize have two or more of the following features: infiltrative borders, tumor size > 5 cm, cytological atypia, necrosis, lymphovascular invasion and, > 3 mitosis per 10 high-power fields. (1) Histopathological assessment of the tumor in the testis was not possible as none of the cases in our study underwent orchidectomy. Metastatic tumors in LCT usually involve the regional lymph nodes, lung, liver, bone and kidney. (11) Previously, only a few studies and several case reports of metastatic LCT involving different sites have been reported ( Table 4 ). All five cases in the present study had para-aortic lymph node involvement, and one case also had a left supraclavicular lymph node. The remainder of the cases had features of metastatic pulmonary nodules in addition to the para-aortic nodes.
Most of the previously reported cases developed metastasis within 2 years of the primary diagnosis, seen after seventeen years. (16) In this study, four cases died within one year of biopsy diagnosis, and only one case survived 2 years (Table 2) .
Although the first case of this study did not belong to the age group wherein germ cell tumors are common, metastatic germ cell tumor was considered as one of the histopathological differential diagnoses.
Metastatic carcinoma, including neuroendocrine carcinoma, and high-grade lymphoma were the other possibilities in the first case. Negative expression of oct3/4, PLAP and CD30 ruled out germ cell tumor, while negative expression of LCA ruled out lymphoma. Neuroendocrine carcinoma was ruled out as synaptophysin and chromogranin were negative. The possibility of metastatic carcinoma was unlikely, as cytokeratin was negative in four cases and focally positive in one case. Metastatic Hurthle cell carcinoma of the thyroid and hepatocellular carcinoma were considered in the differential diagnoses in the rest of our cases, but they were excluded by each case's clinical features,
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imaging and immunoprofile. A metastatic tumor from the adrenal gland was excluded, as the adrenal glands in all cases were unremarkable on imaging. It is important to note that adrenocortical tumors also express immunohistochemical markers similar to those which were positive in this study, hence clinicoradiological correlation is important. The possibility of Sertoli cell tumor, not otherwise specified (SCT-NOS) was excluded as there was no definite evidence of tubular differentiation, and alpha-inhibin was strongly positive (SCT-NOS stains less intensely for inhibin). (21) It is important to note that variable expression of cytokeratin can be observed in LCT, which can lead to an erroneous diagnosis of carcinoma at metastatic sites. Usually, malignant LCTs are treated with surgery (orchidectomy and retroperitoneal lymph node dissection). (23) Systemic chemotherapy is not that effective, and patients do not typically respond to radiotherapy. (23, 24) In the study by Bokemeyer C et al., three out of four cases received chemotherapy in addition to surgery, and the remaining one case had surgery (orchidectomy and subsequent radical retroperitoneal lymph node dissection) without adjuvant chemotherapy. Two of the four cases succumbed to the disease, the case in which no adjuvant chemotherapy was given had no disease after a follow up of over 10 months, and there was recurrence in the remaining one case which responded to chemotherapy. (5) All cases in the present report were medically unfit for surgery, received chemotherapy, and did not survive. In the study by Nicolai N, 8 out of 67 cases had metastasis; 5 cases W i t h d r a w n had only retroperitoneal lymph node involvement, 1 had only visceral involvement, and 2 cases had both retroperitoneal lymph node and visceral involvement. Four of 8 cases received chemotherapy and ultimately succumbed to their disease. (25) In our study, all five cases had retroperitoneal lymph node involvement on imaging, and four cases had additional visceral involvement. Hence, the overall prognosis of metastatic LCT seems to be very poor.
In summary, the present report described the clinicopathological features from five cases of metastatic testicular LCT, which is quite rare. Although most LCT testicular tumors are clinically benign, one must keep in mind that LCT can metastasize. Hence, the appropriate immunohistochemical work up as described in addition to clinico-radiological details and histology render a correct diagnosis. (20) lung & iliac lymph nodes *Incidentally, this patient also had Cushing syndrome due to ectopic cortisol production by the tumour, resulting in hypokalemia.
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** Tumour in perirenal adipose tissue also showed sarcomatoid features. + This patient also had Klinefelter's syndrome. 
